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Abstract: There is an increasing interest in investigating phytochemicals as 
inhibitors of HMG-CoA reductase (HMGR) and α-amylase enzymes. Inhibit-
ion of these enzymes helps manage hypercholesterolemia and diabetes by red-
ucing cholesterol synthesis and blood sugar levels, respectively. In this study, 
computational techniques via molecular docking and ADMET prediction were 
used to determine the potential of five Ginkgo biloba biflavonoids (amentofla-
vone, bilobetin, ginkgetin, isoginkgetin and sciadopitysin) as dual inhibitors of 
HMGR and α-amylase. Amentoflavone (–42.26 kJ/mol) and bilobetin (–41.00 
kJ/mol) exhibited stronger binding affinities to HMGR compared to the refer-
ence drug atorvastatin (–38.91 kJ/mol). For α-amylase, amentoflavone (–48.12 
kJ/mol), bilobetin (–47.28 kJ/mol) and ginkgetin (–46.44 kJ/mol) exhibited 
stronger binding affinities compared to the reference drug acarbose (–43.93 
kJ/mol). These docking results indicate that amentoflavone and bilobetin have 
the potential to act as dual inhibitors of these two enzymes. ADMET analysis 
showed that bilobetin demonstrated favorable oral bioavailability and drug-
likeness, adhering to Lipinski’s rule of five. Despite exhibiting low gastrointes-
tinal absorption, it was predicted to be neither mutagenic nor hepatotoxic. 
Therefore, bilobetin is a promising candidate for dual antidiabetic and antihyp-
ercholesterolemic applications. Further in vitro and in vivo studies are recom-
mended to confirm these promising results. 
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INTRODUCTION 
HMG-CoA (3-hydroxy-3-methylglutaryl-coenzyme A) reductase (HMGR) 

and α-amylase are two key human metabolic enzymes involved in chronic dis-
eases such as hypercholesterolemia and diabetes. HMGR is the key regulatory 
enzyme in the mevalonate pathway, facilitating the conversion of HMG-CoA to 
mevalonate, which is an essential step in the synthesis of cholesterol.1 Inhibition 
of this enzyme has proven to be an effective strategy for lowering cholesterol 
levels and helps prevent atherosclerosis, heart attack, and coronary heart dis-
eases.2,3 Statins (e.g., atorvastatin) are a class of cholesterol-lowering drugs that 
inhibit HMGR. However, the prolonged use of statins is associated with various 
negative effects, commonly referred to as “statin-associated adverse effects”. 
These effects include skeletal muscle disorders such as rhabdomyolysis and myo-
pathy, liver dysfunction and an increased risk of diabetes.4,5 α-Amylase, on the 
other hand, is a digestive enzyme primarily produced in the pancreas and salivary 
glands, responsible for the digestion of carbohydrates in humans.6 Pancreatic 
α-amylase breaks down α-1,4 glycosidic bonds in complex carbohydrates like 
starch, converting them into oligosaccharides and disaccharides. These are then 
further degraded by glucosidases into glucose units that can be absorbed by the 
small intestine.7,8 The rapid digestion of starch can lead to elevated postprandial 
blood glucose levels (hyperglycemia) in diabetic patients.9 Postprandial hyper-
glycemia (PPHG) contributes to the development of type 2 diabetes mellitus and 
has been identified by epidemiological studies as an independent risk factor for 
cardiovascular disease.10,11 Inhibiting the enzymatic action of α-amylase can 
help reduce PPHG and lower the risk of developing diabetes.12 Acarbose, an 
inhibitor of α-amylase, is a medication used in the management of diabetes. 
While effective in controlling PPHG in many patients, its long-term adminis-
tration is often associated with gastrointestinal adverse effects.13 Given the adv-
erse effects associated with current HMGR and α-amylase inhibitors, there is a 
need to explore alternative treatments that are both effective and have fewer side 
effects for managing hypercholesterolemia and diabetes. 

Medicinal plants are increasingly being studied as potential sources of ther-
apeutic and bioactive compounds for inhibiting HMGR and α-amylase.14,15 They 
offer several benefits, like lesser side effects, safer profiles, effectiveness in treat-
ing diseases, widespread accessibility, and low cost.16 One promising medicinal 
plant is Ginkgo biloba, commonly known as ginkgo or maidenhair tree. With a 
long history in traditional Chinese medicine, both its leaves and seeds have been 
utilized for centuries to treat a variety of diseases. Ginkgo has been used ethno-
medicinally across different cultures worldwide, including in Asia, America, 
Europe and Australia, for treating respiratory and cardiovascular diseases, ner-
vous system disorders, urinary problems and memory improvement.17 Currently, 
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ginkgo leaf extracts are primarily available as herbal supplements for improving 
memory. 

The therapeutic and bioactive characteristics of G. biloba are thought to be 
associated with its flavonoids and terpene trilactones.17 Biflavonoids, which are 
dimers of flavonoids, are important phytochemical constituents of G. biloba. The 
most predominant biflavonoids in G. biloba are sciadopitysin, ginkgetin, bilo-
betin, isoginkgetin and amentoflavone. These compounds have been reported to 
possess various biological activities, including antibacterial, antifungal, antiviral, 
antioxidant, anticancer and anti-inflammatory activities.18 Although G. biloba 
biflavonoids are recognized as compounds with potent health-promoting pro-
perties, their specific potential role in the treatment of cardiovascular and meta-
bolic diseases, such as hypercholesterolemia and diabetes, remains largely under-
studied. 

The traditional drug discovery is a complex, expensive, and lengthy process. 
On average, the traditional drug development pipeline requires around 12 years 
and 2.7 billion USD to bring a new drug from initial research to market.19 In 
recent years, in silico or computer-aided drug discovery (CADD) approaches 
have been widely adopted to improve the efficiency of drug development.20 
These techniques enable researchers to virtually screen thousands of compounds, 
identify potential drug candidates at an early stage, and minimize the reliance on 
expensive and time-intensive laboratory experiments. Molecular docking, a key 
component of CADD, predicts the binding orientation and affinity of small mole-
cules to target proteins or enzymes, which are crucial for determining drug effi-
cacy.21 Additionally, ADMET prediction, another component of CADD, esti-
mates a drug’s pharmacokinetic and toxicological properties, helping to prioritize 
compounds with favorable drug-like characteristics. 

Currently, there is a lack of comprehensive in silico study investigating the 
potential of G. biloba biflavonoids as dual inhibitors of HMG-CoA reductase and 
α-amylase. To address this gap, the molecular docking was used in this work to 
evaluate the binding affinities and interactions of five ginkgo biflavonoids 
(amentoflavone, bilobetin, ginkgetin, isoginkgetin and sciadopitysin) with these 
two enzyme targets. Additionally, ADMET predictions were performed to evalu-
ate the drug-likeness and potential pharmacokinetic properties of these compounds. 

EXPERIMENTAL 
Preparation of target proteins 

The 3D crystal structures of the human HMG-CoA reductase (HMGR) enzyme (PDB 
ID: 1HWK)22 in complex with atorvastatin, and the human pancreatic α-amylase enzyme 
(PDB ID: 2QV4)23 in complex with acarbose (Fig. 1), were downloaded in PDB format from 
the Research Collaboratory for Structural Bioinformatics Protein Data Bank (PDB) 
(https://www.rcsb.org/). These structures have resolutions of 2.22 and 1.97 Å, respectively. 
Because HMGR is a symmetric tetramer, only chains A and B were used in the docking sim-
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ulation.24 In contrast, for α-amylase, which consists of a single protein chain, only chain A 
was used. The PDB files for both proteins were prepared using Discovery Studio Visualizer 
(DSV) software version 21.1.0.20298, with all bound substances, such as co-crystallized lig-
ands, cofactors and water molecules, removed from their structures. AutoDockTools25 soft-
ware version 1.5.6 was then used to further prepare the proteins by adding polar hydrogens 
and Kollman charges. Finally, the proteins were saved in PDBQT format, the required format 
for docking. 

 
Fig. 1. 3D Crystal structures of human enzymes: a) HMGR (PDB ID: 1HWK) with co-crys-

tallized atorvastatin (encircled in black) and b) α-amylase (PDB ID: 2QV4) with co-crys-
tallized acarbose (encircled in black) bound at the active site. 

Preparation of ligands 
The five most common ginkgo biflavonoids18 were selected as ligands to target both 

HMGR and α-amylase, with their structural formulas shown in Fig. 2. The 3D structures of 
these ligands, in SDF format, were downloaded from the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/). Their structures were then optimized using Avogadro26 
software version 1.2.0, applying the universal force field and steepest descent algorithm. The 
ligands were further prepared using AutoDockTools, with the number of torsions set to 
default. Finally, the ligands were saved in PDBQT format, the required format for docking. 
Molecular docking 

AutoDock Vina27 software version 1.1.2 was used for the rigid protein-flexible ligand 
molecular docking simulations. The search space for ligand binding was restricted to a grid 
box covering the binding sites of the co-crystallized ligands,24 atorvastatin and acarbose. The 
spacing between grid points was set to 1 Å, with the grid coordinates provided in Table I. 
AutoDock Vina generated several docking conformations for each ligand, each with a specific 
binding affinity. The conformation with the most negative binding affinity for each ligand was 
recorded for further analysis. Protein-ligand interactions were then visualized and analysed 
using DSV.24 
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Fig. 2. Structural formulas of the studied biflavonoids. 

TABLE I. Grid coordinates for the docking simulation targeting HMGR and α-amylase 

Grid HMGR α-Amylase 
x y z x y z 

Center 2.894171 –9.553439 –12.241561 12.384745 48.136073 26.209218 
Size 18 22 24 25 25 30 

ADMET prediction 
The drug-likeness and pharmacokinetic properties of the studied biflavonoids, including 

absorption, distribution, metabolism, excretion, and toxicity (ADMET), were predicted using 
the SwissADME28 (http://www.swissadme.ch/) and pkCSM29 (http://biosig.lab.uq.edu.au/ 
/pkcsm/prediction) online computational tools. 

RESULTS AND DISCUSSION 

Validation of docking protocol 
AutoDock Vina’s accuracy as a molecular docking tool was evaluated by 

redocking atorvastatin and acarbose into the active sites of HMGR and α-amyl-
ase, respectively, and comparing their orientations to the native crystal structures 
using root-mean-square deviation (RMSD). The obtained RMSD values of the 
superimposed structures (Fig. 3) were 0.8061 Å for atorvastatin and 1.2590 Å for 
acarbose, both below the 2.0 Å threshold,24,30 confirming the reliability of 
AutoDock Vina for docking the five bioflavonoids, into the active site of these 
target proteins. 
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Fig. 3. Superimposed 3D structures of: a) the co-crystallized (orange) and docked (blue) 

orientations of atorvastatin within the active site of HMGR and b) the co-crystallized (dark 
fuchsia) and docked (yellow) orientations of acarbose within the active site of α-amylase. 

Molecular docking results 
The efficacy of a drug depends on its binding affinity and interactions with 

the target protein.21 Binding affinity measures how strongly a ligand interacts 
with a target protein31 and is typically expressed in energy units, kJ mol–1. In this 
study, molecular docking was employed to determine the binding affinities of 
five ginkgo biflavonoids towards HMGR and α-amylase. As presented in Table 
II, the binding affinities of the studied biflavonoids ranged from –34.73 to –42.26 
kJ mol–1 for HMGR and from –42.26 to –48.12 kJ mol–1 for α-amylase. The 
negative sign indicates that the binding interaction between the biflavonoid lig-
ands and the target proteins is spontaneous and energetically favourable, allow-
ing the ligands to naturally bind to the target proteins without external energy 
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input. Higher negative values also suggest stronger affinities and more stable 
binding.32,33 

TABLE II. Binding affinity values (kJ mol-1) of the five Ginkgo biloba biflavonoids towards 
human enzymes HMGR and α-amylase 

Ligand name Protein 
HMGR α-Amylase 

Amentoflavone –42.26 –48.12 
Bilobetin –41.00 –47.28 
Ginkgetin –37.24 –46.44 
Isoginkgetin –38.07 –42.68 
Sciadopitysin –34.73 –42.26 
Atorvastatina –38.91 – 
Acarboseb – –43.93 
aReference HMGR inhibitor; breference α-amylase inhibitor 

The docking results showed that two biflavonoids, amentoflavone (–42.26 
kJ/mol) and bilobetin (–41.00 kJ/mol), exhibited stronger binding affinities to 
HMGR compared to the reference drug, atorvastatin (–38.91 kJ/mol). For 
α-amylase, three biflavonoids—amentoflavone (–48.12 kJ/mol), bilobetin (-47.28 
kJ/mol), and ginkgetin (–46.44 kJ/mol) showed stronger binding affinities than 
the reference drug, acarbose (–43.93 kJ/mol). A ligand with a highly negative 
binding affinity is generally considered to have good inhibitory potential, as 
strong binding to the enzyme’s active site usually correlates with the effective 
inhibition of the enzyme’s activity by preventing it from performing its normal 
function. These docking results indicate that amentoflavone and bilobetin have 
the potential to act as dual inhibitors of HMGR and α-amylase, potentially offer-
ing better inhibitory activity than the standard drugs. Since HMGR is responsible 
for cholesterol synthesis and α-amylase is involved in the metabolism of carbo-
hydrates into simple sugars, the strong binding of these biflavonoids to both enz-
ymes could potentially inhibit their activities, leading to reduced cholesterol and 
blood sugar levels. Therefore, amentoflavone and bilobetin may possess both 
antihypercholesterolemic and antidiabetic properties. 

The molecular interactions of the top two ligands with dual inhibitory pot-
entials, amentoflavone and bilobetin, with HMGR and α-amylase, are presented 
in Fig. 4. The amino acids involved in the protein-ligand interactions are sum-
marized in Tables III and IV. The docking study predicted the existence of hyd-
rogen bonds, hydrophobic and electrostatic intermolecular noncovalent interact-
ions between the biflavonoids and HMGR and α-amylase. These interactions are 
crucial for stabilizing the protein–ligand complexes.34 
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Fig. 4. 2D interaction diagrams of amentoflavone, bilobetin and atorvastatin in complex with: 

a) HMGR and b) α-amylase. π–σ, π–π stacked, and π–alkyl interactions are classified as 
hydrophobic interactions, while π-cation and π-anion interactions are classified as 

electrostatic interactions. 

The analysis of the HMGR-amentoflavone complex (Fig. 4a) revealed that 
amentoflavone formed multiple hydrogen bonds with key residues Lys735A, 
Ser684B, Lys691B, Glu559A, Gly860A and Glu665B. It also established the 
hydrophobic interactions with Ala856A, Val683B, Cys561A and Leu853A, and 

________________________________________________________________________________________________________________________

(CC) 2025 Serbian Chemical Society.

Available online at: http://www.shd.org.rs/JSCS



 GINKGO BIFLAVONOIDS AS DUAL INHIBITORS 423 

electrostatic interactions with Arg590B and Asp690B. Similarly, bilobetin dem-
onstrated a stable binding profile, forming hydrogen bonds with Lys735A, 
Ser684B, Glu559A, Ala751A and Glu665B amino acids of HMGR. Its binding 
was further stabilized by hydrophobic interactions involving Ala856A, His752A, 
Cys561A, Val683B, Leu853A and Leu857A, as well as the electrostatic interact-
ions with Arg590B and Asp690B. 

TABLE III. Molecular interactions of the top two biflavonoids with HMGR amino acids 

Ligand name HMGR amino acids involved in interaction 
Hydrogen bonds Hydrophobic interactions Electrostatic interactions 

Amentoflavone Lys735A, Ser684B, 
Lys691B, Glu559A, 
Gly860A, Glu665B

Ala856A, Val683B, Cys561A, 
Leu853A 

Arg590B, Asp690B 

Bilobetin Lys735A, Ser684B, 
Glu559A, Ala751A, 

Glu665B 

Ala856A, His752A, Cys561A, 
Val683B, Leu853A, Leu857A

Arg590B, Asp690B 

Atorvastatina Ser565A, Lys735A, 
Asn755A, Arg590B, 
Ser661B, Lys692B 

Ala856A, Ala564A, Leu853A, 
Val683B 

None 

aReference HMGR inhibitor 

TABLE IV. Molecular interactions of the top two biflavonoids with α-amylase amino acids 

Ligand name α-Amylase amino acids involved in interaction 
Hydrogen bonds Hydrophobic interactions Electrostatic interactions 

Amentoflavone Gln63, Glu233, 
Asp300 

Leu162, Leu165, Ile235, Tyr62 His201, Asp197 

Bilobetin Gln63, Glu233 Leu162, Leu165, Ile235, 
Tyr62, His305 

His201, Asp197 

Acarbosea Gln63, Asn105, 
Ala106, His305, 
Thr163, Gly164, 
Tyr62, Asp300 

None None 

aReference HMGR inhibitor 

In comparison, atorvastatin, the standard drug, also interacted with HMGR 
through hydrogen bonds with Lys735A, Ser565A, Asn755A, Arg590B, Ser661B 
and Lys692B. Its binding was stabilized by hydrophobic interactions with 
Ala856A, Ala564A, Leu853A and Val683B. However, unlike amentoflavone and 
bilobetin, atorvastatin lacked electrostatic interactions (Table III), which may 
account for its relatively weaker binding affinity compared to the two biflav-
onoids. 

Interestingly, amentoflavone and bilobetin share key hydrogen bonds with 
Lys735A and hydrophobic interactions with Ala856A and Val683B, similar to 
atorvastatin. As a competitive inhibitor of HMGR, atorvastatin competes with the 
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enzyme’s natural substrate (HMG-CoA) for binding at the active site, thereby 
inhibiting the enzyme’s ability to catalyse the conversion of HMG-CoA into 
mevalonate, a crucial step in cholesterol biosynthesis. These findings suggest that 
amentoflavone and bilobetin may inhibit HMGR through a similar mechanism. 

On the other hand, analysis of the α-amylase-amentoflavone complex (Fig. 
4b) revealed that amentoflavone formed hydrogen bonds with key residues 
Gln63, Glu233 and Asp300, while also establishing hydrophobic interactions 
with Leu162, Leu165, Ile235 and Tyr62. Additionally, it formed electrostatic int-
eractions with His201 and Asp197. Bilobetin similarly demonstrated strong bind-
ing to α-amylase, forming hydrogen bonds with Gln63 and Glu233. It also 
formed hydrophobic interactions with Leu162, Leu165, Ile235, Tyr62 and 
His305, along with electrostatic interactions with His201 and Asp197. 

Acarbose, the standard antidiabetic drug, primarily interacted with α-amyl-
ase through a network of hydrogen bonds involving residues Gln63, Asn105, 
Ala106, His305, Thr163, Gly164, Tyr62 and Asp300. Notably, acarbose lacked 
the hydrophobic and electrostatic interactions observed with both amentoflavone 
and bilobetin (Table IV). The stronger binding affinity of amentoflavone and 
bilobetin to α-amylase, compared to acarbose, may be attributed to their hydro-
phobic and electrostatic interactions. This suggests that these two biflavonoids 
might inhibit α-amylase better than acarbose. 

Comparing these interactions, it is evident that both amentoflavone and bilo-
betin share key hydrogen bonding with the Gln63 and Tyr62 amino acids, similar 
to acarbose. Acarbose also functions through competitive inhibition by binding to 
the active site of α-amylase, thereby inhibiting the catalytic breakdown of carbo-
hydrates into simpler sugars. The similarity in interactions suggests that these 
two biflavonoids may inhibit α-amylase through a mechanism of action similar to 
that of acarbose. 

Drug-likeness and ADMET profiles 
The Lipinski’s rule of five (Ro5), also known as Pfizer’s rule of five, is a 

widely recognized set of guidelines used in the pharmaceutical industry to 
evaluate the drug-likeness and oral bioavailability of compounds during the early 
stages of drug development. The rule35 states that an orally active drug should 
generally not violate more than one of the following criteria: hydrogen bond 
donors < 5, hydrogen bond acceptors < 10, molecular weight < 500 g/mol and 
octanol–water partition coefficient (Mlog P) < 5. Table V presents the drug-like 
properties of the top two ligands with dual inhibitory potentials, amentoflavone 
and bilobetin. Bilobetin violates only the molecular weight criterion, whereas 
amentoflavone violates both the molecular weight and hydrogen bond donor crit-
eria. These results suggest that bilobetin is more likely to be an orally active drug 
in humans compared to amentoflavone. Furthermore, the calculated bioavail-

________________________________________________________________________________________________________________________

(CC) 2025 Serbian Chemical Society.

Available online at: http://www.shd.org.rs/JSCS



 GINKGO BIFLAVONOIDS AS DUAL INHIBITORS 425 

ability scores indicate that bilobetin has a 55 % probability of being bioavailable, 
while amentoflavone has only a 17 % probability. Therefore, bilobetin is a more 
promising drug candidate with better drug-like properties than amentoflavone. 

TABLE V. Drug-like properties of the top two biflavonoids predicted by SwissADME 
Property Amentoflavone Bilobetin 
Molecular weight, g/mol 538.5 552.5 
Mlog P 0.25 0.44 
Hydrogen bond acceptors 10 10 
Hydrogen bond donors 6 5 
Lipinski’s rule violations 2 1 
Bioavailability score 0.17 0.55 

TABLE VI. ADMET (admission, distribution, metabolism, excretion, toxicity) profiles of the 
top two biflavonoids 
Parameter Pharmacokinetic property Amentoflavone Bilobetin 
Absorptiona Gastrointestinal absorption Low Low 

P-glycoprotein substrate No No 
Distributiona Blood–brain barrier permeability No No 
Metabolisma CYP1A2 inhibitor No No 

CYP2C19 inhibitor No No 
CYP2C9 inhibitor No Yes 
CYP2D6 inhibitor No No 
CYP3A4 inhibitor No No 

Excretionb Total clearance, mL min-1 kg-1 3.05 3.72 
Toxicityb AMES toxicity (mutagenicity) No No 

Hepatotoxicity No No 
aPredicted by SwissADME; bpredicted by pkCSM 

Table VI presents the pharmacokinetic properties and ADMET profiles of 
amentoflavone and bilobetin. Both compounds exhibit low gastrointestinal (GI) 
absorption which may limit their effectiveness as orally administered drugs. 
However, both are not substrates for P-glycoprotein (P-gp), suggesting they may 
not be actively transported out of cells by this transporter,36 potentially enhan-
cing their bioavailability. Moreover, both biflavonoids do not penetrate the 
blood–brain barrier (BBB), indicating that they are unlikely to cause central ner-
vous system side effects. Since the targets of these compounds, HMGR and 
α-amylase, are not located in the central nervous system, BBB penetration is not 
necessary for their therapeutic effects.37 Cytochrome P450 (CYP450) enzymes 
play crucial roles in drug metabolism and detoxification. They oxidize drugs and 
other xenobiotics in the body for excretion. There are several CYP450 isoforms, 
including CYP1A2, CYP2C19, CYP2C9, CYP2D6 and CYP3A4 which are inv-
olved in biotransformation of drugs. Inhibition of these CYP450 isoforms can 
affect drug metabolism and can lead to toxicity due to bioaccumulation.29,37 The 
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results showed that amentoflavone is a non-inhibitor of all these CYP450 iso-
forms, while bilobetin is a non-inhibitor of most of them, except for CYP2D6. 
This suggests that both compounds are metabolized efficiently and are less likely 
to interfere with the body’s normal drug-metabolizing processes, reducing the 
risk of adverse drug interactions. The excretion parameter reveals that bilobetin 
has a slightly higher total clearance (3.72 mL min–1 kg–1) compared to amento-
flavone (3.05 ml min–1 kg–1). These values are important for determining dosing 
rates to achieve steady-state concentrations.29 Importantly, bilobetin and amento-
flavone exhibit no mutagenic or hepatotoxic properties, suggesting favourable 
safety profiles. This lack of toxicity is a significant advantage for their thera-
peutic use, as it indicates a lower risk of side effects during treatment. Given the 
adverse effects associated with current HMGR and α-amylase inhibitors, amen-
toflavone and bilobetin present promising alternatives for the management of 
hypercholesterolemia and diabetes. Their combination of effectiveness and low 
toxicity positions them as the potential candidates for further development as 
safer therapeutic agents. 

CONCLUSION 

This study reports for the first time that both amentoflavone and bilobetin 
possess dual inhibitory activity against HMG-CoA reductase (HMGR) and 
α-amylase, as it is revealed by molecular docking, with binding affinities superior 
to those of the reference antihypercholesterolemic and antidiabetic drugs, ator-
vastatin and acarbose, respectively. These findings suggest that both compounds 
have the ability to inhibit the key enzymes involved in cholesterol biosynthesis 
and carbohydrate metabolism. Pharmacokinetic predictions indicate that bilobetin 
is a more promising drug candidate than amentoflavone, due to its better com-
pliance with Lipinski’s rule of five and a higher probability of oral bioavail-
ability. Although bilobetin shows low gastrointestinal absorption, it is predicted 
to be non-mutagenic and non-hepatotoxic, supporting its favourable safety pro-
file. Therefore, bilobetin is a potential candidate for the treatment of hypercholes-
terolemia and diabetes, which could be more effective and safer to use. Further in 
vitro and in vivo studies are recommended to confirm these promising results. 
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И З В О Д  

IN SILICO МОЛЕКУЛСКИ ДОКИНГ И ADMET ПРЕДВИЂАЊЕ БИФЛАВАНОИДА ИЗ 
GINKGO BILOBA КАО ДУАЛНИХ ИНХИБИТОРА ХУМАНЕ HMG-COA РЕДУКТАЗЕ И 

α-АМИЛАЗЕ 

NESTEVE JOHN B. AGOSTO1,2 

1Department of Chemistry, University of Science and Technology of Southern Philippines, C.M. Recto Avenue, 

Lapasan, Cagayan de Oro City 9000, Philippines и 2Center for Natural Products Research, University of 

Science and Technology of Southern Philippines, C.M. Recto Avenue, Lapasan, Cagayan de Oro City 9000, 

Philippines 

Повећава се занимање за фитохемикалије као инхибиторе ензима HMG-CoA ред-
уктазе (HMGR) и α-амилазе. Инхибиција ових ензима помаже у третирању хиперхоле-
стеролемије и дијабетеса редукујући синтезу холестерола, односно ниво шећера у крви. 
У овој студији су коришћене рачунарске технике за ADMET предвиђање да би се одре-
дио потенцијал пет Ginkgo biloba бифлаваноида (аментофлавона, билобетина, гинк-
гетина, изогингкетина и сајадоптисина) као дуалних инхибитора HMGR и α-амилазе. 
Аментофлавон (–42,26 kJ/mol) и билобетин (–41,00 kJ/mol) испољили су јачи афинитет 
везивања за HMGR, у поређењу са референтним леком аторвастатином (–38,91 kJ/mol). 
За α-амилазу, аментофлавон (–48,12 kJ/mol), билобетин (–47,28 kJ/mol), и гинкгетин 
(–46,44 kJ/mol) испољен је јачи афинитет везивања у поређењу са референтним леком 
акарбозом (–43,93 kJ/mol). Резултати доковања указују да аментофлавон и билобетин 
имају потенцијала да делују као дуални инхибитори за ова два езима. ADMET анализа је 
показала да је билобетин испољио повољну оралну биодоступност и сличност са леко-
вима, због поштовања правила петице Липинског. Упркос испољавању ниске гастроинте-
стиналне апсорпције, показало се да није ни мутаген ни хепатотоксичан. Према наве-
деном, билобетин је обећавајући кандидат за дуалну антидијабетску и антихиперхоле-
стеролемијску примену. Препоручене су даљње in vitro и in vivo студије за потврђивање 
ових обећавајућих резултата. 

(Примљено 29. септембра, ревидирано 25. октобра, прихваћено 16. децембра 2024) 

REFERENCES 
1. J. A. Friesen, V. W. Rodwell, Genome Biol. 5 (2004) 248 (https://doi.org/10.1186/gb-

2004-5-11-248)  
2. R. Jalaja, S. G. Leela, S. Mohan, M. S. Nair, R. K. Gopalan, S. B. Somappa, Bioorg. 

Chem. 108 (2021) 104664 (https://doi.org/10.1016/j.bioorg.2021.104664)  
3. M. Son, A. Baek, S. Sakkiah, C. Park, S. John, K. W. Lee, PLoS ONE 8 (2013) e83496 

(https://doi.org/10.1371/journal.pone.0083496)  
4. N. Khatiwada, Z. Hong, Pharmaceutics 16 (2024) 214 

(https://doi.org/10.3390/pharmaceutics16020214)  
5. S. Ramkumar, A. Raghunath, S. Raghunath, Acta. Cardiol. Sin. 32 (2016) 631 

(https://doi.org/10.6515/acs20160611a)  
6. S. O. Oyedemi, B. O. Oyedemi, I. I. Ijeh, P. E. Ohanyerem, R. M. Coopoosamy, O. A. 

Aiyegoro, The Sci. World J. 2017 (2017) 3592491 
(https://doi.org/10.1155/2017/3592491)  

7. H. Kashtoh, K. Baek, Plants 12 (2023) 2944 (https://doi.org/10.3390/plants12162944)  
8. O. A. Oluwagunwa, A. M. Alashi, R. E. Aluko, Front. Nutr. 8 (2021) 772903 

(https://doi.org/10.3389/fnut.2021.772903)  

________________________________________________________________________________________________________________________

(CC) 2025 Serbian Chemical Society.

Available online at: http://www.shd.org.rs/JSCS



428 AGOSTO 

9. S. Zhang, S. Zhu, M. N. Saqib, M. Yu, C. Du, D. Huang, Y. Li, Trends Food Sci. 
Technol. 143 (2024) 104303 (https://doi.org/10.1016/j.tifs.2023.104303)  

10. M. Khalafi, A. A. Ravasi, A. Malandish, S. K. Rosenkranz, Diabetes Res. Clin. Pract. 
186 (2022) 109815 (https://doi.org/10.1016/j.diabres.2022.109815)  

11. A. Ceriello, Diabetes 54 (2005) 1 (https://doi.org/10.2337/diabetes.54.1.1)  
12. J. S. Vidyashree, P. P. Shetti, S. C. Ghagane, Future J. Pharm. Sci. 10 (2024) 1 

(https://doi.org/10.1186/s43094-024-00583-8)  
13. U. Etxeberria, A. L. De La Garza, J. Campión, J. A. Martínez, F. I. Milagro, Expert Opin. 

Ther. Targets 16 (2012) 269 (https://doi.org/10.1517/14728222.2012.664134)  
14. A. Mahdavi, M. Bagherniya, O. Fakheran, Ž. Reiner, S. Xu, A. Sahebkar, BioFactors 46 

(2020) 906 (https://doi.org/10.1002/biof.1684)  
15. A. P. Kalinovskii, O. V. Sintsova, I. N. Gladkikh, E. V. Leychenko, Int. J. Mol. Sci. 24 

(2023) 16514 (https://doi.org/10.3390/ijms242216514)  
16. K. Khadayat, B. P. Marasini, H. Gautam, S. Ghaju, N. Parajuli, Clin. Phytosci. 6 (2020) 1 

(https://doi.org/10.1186/s40816-020-00179-8)  
17. M. Akaberi, H. Baharara, M. S. Amiri, A. T. Moghadam, A. Sahebkar, S. A. Emami, 

Pharmacol. Res. – Mod. Chin. Med. 9 (2023) 100331 
(https://doi.org/10.1016/j.prmcm.2023.100331)  

18. D. Šamec, E. Karalija, S. Dahija, S. T. S. Hassan, Plants 11 (2022) 1381 
(https://doi.org/10.3390/plants11101381)  

19. V. D. Mouchlis, A. Afantitis, A. Serra, M. Fratello, A. G. Papadiamantis, V. Aidinis, I. 
Lynch, D. Greco, G. Melagraki, Int. J. Mol. Sci. 22 (2021) 1676 
(https://doi.org/10.3390/ijms22041676)  

20. D. R. Silva, J. De Cássia Orlandi Sardi, I. A. Freires, A. C. B. Silva, P. L. Rosalen, Eur. J. 
Pharmacol. 842 (2019) 64 (https://doi.org/10.1016/j.ejphar.2018.10.016)  

21. T. T. Tuyen, P. C. Bach, H. V. Hai, P. T. H. Minh, N. T. H. Van, P. M. Quan, Vietnam J. 
Sci. Technol. 61 (2023) 355 (https://doi.org/10.15625/2525-2518/16945)  

22. R. Maurus, A. Begum, L. K. Williams, J. R. Fredriksen, R. Zhang, S. G. Withers, G. D. 
Brayer, Biochemistry 47 (2008) 3332 (https://doi.org/10.1021/bi701652t)  

23. E. S. Istvan, J. Deisenhofer, Science 292 (2001)1160 
(https://doi.org/10.1126/science.1059344)  

24. N. J. Agosto, P. B. Alambatin; J. Bacalso; J. Cabisada; B. D. Carating, Biol. Life Sci. 
Forum 35 (2024) 7 (https://doi.org/10.3390/blsf2024035007)  

25. G. M. Morris, R. Huey, W. Lindstrom, M. F. Sanner, R. K. Belew, D. S. Goodsell, A. J. 
Olson, J. Comput. Chem. 30 (2009) 2785 (https://doi.org/10.1002/jcc.21256)  

26. M. D. Hanwell, D. E. Curtis, D. C. Lonie, T. Vandermeersch, E. Zurek, G. R. Hutchison, 
J. Cheminf. 4 (2012) 17 (https://doi.org/10.1186/1758-2946-4-17)  

27. O. Trott, A. J. Olson, J. Comput. Chem. 31 (2009) 455 (https://doi.org/10.1002/jcc.21334)  
28. A. Daina, O. Michielin, V. Zoete, Sci. Rep. 7 (2017) 42717 

(https://doi.org/10.1038/srep42717)  
29. D. E. V. Pires, T. L. Blundell, D. B. Ascher, J. Med. Chem. 58 (2015) 4066 

(https://doi.org/10.1021/acs.jmedchem.5b00104)  
30. R D. Ramírez, J. Caballero, Molecules 23 (2018) 1038 

(https://doi.org/10.3390/molecules23051038)  
31. P. L. Kastritis, A. M. J. J. Bonvin, J. R. Soc. Interface 10 (2013) 20120835 

(https://doi.org/10.1098/rsif.2012.0835)  

________________________________________________________________________________________________________________________

(CC) 2025 Serbian Chemical Society.

Available online at: http://www.shd.org.rs/JSCS



 GINKGO BIFLAVONOIDS AS DUAL INHIBITORS 429 

32. Q. Xue, X. Liu, P. Russell, J. Li, W. Pan, J. Fu, A. Zhang, Ecotoxicol. Environ. Saf. 233 
(2022) 113323 (https://doi.org/10.1016/j.ecoenv.2022.113323)  

33. X. Du, Y. Li, Y. Xia, S. Ai, J. Liang, P. Sang, X. Ji, S. Liu, Int. J. Mol. Sci. 17 (2016) 144 
(https://doi.org/10.3390/ijms17020144)  

34. R. Patil, S. Das, A. Stanley, L. Yadav, A. Sudhakar, A. K. Varma, PLoS ONE 5 (2010) 
e12029 (https://doi.org/10.1371/journal.pone.0012029)  

35. C. A. Lipinski, F. Lombardo, B. W. Dominy, P. J. Feeney, Adv. Drug. Deliv. Rev. 46 
(2001) 3 (https://doi.org/10.1016/s0169-409x(00)00129-0)  

36. D. Li, L. Chen, Y. Li, S. Tian, H. Sun, T. Hou, Mol. Pharm. 11 (2014) 716 
(https://doi.org/10.1021/mp400450m)  

37. P. J. Ameji, A. Uzairu, G. A. Shallangwa, S. Uba, J. Taibah Univ. Med. Sci. 18 (2023) 
1417 (https://doi.org/10.1016/j.jtumed.2023.05.021). 

________________________________________________________________________________________________________________________

(CC) 2025 Serbian Chemical Society.

Available online at: http://www.shd.org.rs/JSCS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice



@Article{,

  author   = {Nesteve B John Agosto},

  journal  = {Journal of the Serbian Chemical Society},

  title    = {In silico molecular docking and ADMET prediction of Ginkgo biloba biflavonoids as dual inhibitors of human HMG-CoA reductase and α-amylase},

  year     = {2025},

  issn     = {1820-7421},

  month    = {5},

  pages    = {415-429},

  volume   = {90},

  abstract = {There is an increasing interest in investigating phytochemicals as inhibitors of HMG-CoA reductase (HMGR) and α-amylase enzymes. Inhibit­ion of these enzymes helps manage hypercholesterolemia and diabetes by red­ucing cholesterol synthesis and blood sugar levels, respectively. In this study, computational techniques via molecular docking and ADMET prediction were used to determine the potential of five Ginkgo biloba biflavonoids (amentofla­vone, bilobetin, ginkgetin, isoginkgetin and sciadopitysin) as dual inhibitors of HMGR and α-amylase. Amentoflavone (–42.26 kJ/mol) and bilobetin (–41.00 kJ/mol) exhibited stronger binding affinities to HMGR compared to the refer­ence drug atorvastatin (–38.91 kJ/mol). For α-amylase, amentoflavone (–48.12 kJ/mol), bilobetin (–47.28 kJ/mol) and ginkgetin (–46.44 kJ/mol) exhibited stronger binding affinities compared to the reference drug acarbose (–43.93 kJ/mol). These docking results indicate that amentoflavone and bilobetin have the potential to act as dual inhibitors of these two enzymes. ADMET analysis showed that bilobetin demonstrated favorable oral bioavailability and drug-likeness, adhering to Lipinski’s rule of five. Despite exhibiting low gastrointes­tinal absorption, it was predicted to be neither mutagenic nor hepatotoxic. Therefore, bilobetin is a promising candidate for dual antidiabetic and antihyp­er­cholesterolemic applications. Further in vitro and in vivo studies are recom­mended to confirm these promising results.},

  doi      = {10.2298/JSC240923104A},

  file     = {:03_13056_5397.pdf:PDF},

  issue    = {4},

  keywords = {aided drug discovery,binding affinity,computer,diabetes,pharmacokinetic properties},

  url      = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/13056},

}





